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~~  =^A  major  focus  of  our  research  has  been  on  the  development  of  techniques  that  permit 
direct  visualization  of  surfactant  microstructures.  With  complex  microstructures  like  ves¬ 
icles,  liposomes  or  microtubules,  where  polydispersities  and  interactions  are  important 
Issues,  the  abilities  to  directly  observe  real  time  behavior  and  structural  details  is  impor¬ 
tant  in  characterizing  amphiphilic  systems.  We  have  employed  two  techniques,  video  enhanced 
microscopy  (VEM)  and  cryo-transmission  electron  microscopy  (cryo-TEM). 

We  have  been  interested  in  characterizing  surfactant  aggregates  in  water  as  a  function  of 
temperature.  The  original  stimulus  for  this  work  was  the  desire  to  understand  how  the  unique 
structural  properties  of  water  affected  self-assembly  processes.  Specifically  the  goal  was 
to  determine  whether  nonpolar  groups  are  driven  out  of  aqueous  solution  by  the  release  of 
structured  water  (entropic  effects),  and  that  water  is  therefore  different  from  all  other  sol- 
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19.  concinued. 

vencs.  We  studied  micellization  across  a  sufficiently  large  temperature  range  (25  to  160^0 
so  that  water  changed  from  a  highly  structured  liquid  to  just  another  polar  hydrogen  bonded 
solvent. 

We  have  shown  that  changing  surfactant  counterions  can  have  a  dramatic  effect  on  aggre¬ 
gate  structure.  The  key  observation  was  that  double-chained  cationic  surfactants  like  dido- 
decy ldimethylammonium  form  clear  nonviscous  solutions  with  acetate  or  hydroxide  counterions 
up  to  quite  high  concentrations  (C  ■  0.2  M).  The  corresponding  bromides  are  opaque,  liquid 
crystalline  dispersions.  (  r  <j 

I  \ 

Much  of  our  research  program  has  focused  on  the  structural  properties  of  three-component 
microemulsions  which  employ  the  dialky ldimethylammonium  halides  as  surfactants.  We  began  by 
characterizing  microemulsions  formed  from  didodecy ldimethylammonium  bromide  and  the  oils 
hexane  through  tetradecane.  The  key  features  of  these  systems  are:  (1)  the  surfactant  is 
only  sparingly  soluble  in  either  oil  or  water,  so  that  the  interfacial  area  is  fixed  by  the 
surfactant  concentration.  (2)  In  the  absence  of  co-surfactant,  oil  specificity  becomes  evi¬ 
dent.  (3)  The  single-phase  region  of  the  DDAB-cyclohexane  microemulsion  resembles  a  wedge 
with  two  well  defined  sides.  These  correspond  to  minimum  (AB)  and  maximum  water  content  cur¬ 
ves  which  almost  coincide  with  constant  w/a  lines  on  the  ternary  phase  diagram.  The  signifi¬ 
cance  of  the  curved  upper  boundary  of  the  wedge  can  be  understood  in  terms  of  the  packing 
constraints.  With  decreasing  oil  penetration,  the  single-phase  region  shows  progressively 
larger  departure  from  this  simple  wedge  shape,  and  with  tetradecane  the  single  phase  does  not 
extend  into  the  oil  corner.  To  a  first  approximation  however,  it  is  convenient  to  picture 
the  phase  diagram  as  comprising  a  wedge.  (A)  Upon  addition  of  water  (as  one  moves  from  the 
AB  line  toward  the  water  corner  along  constant  s/o  lines),  the  conductance  decreases  for  all 
the  oils  except  tetradecane,  and  a  .transition  to  a  nonconducting  liquid  is  observed.  The 
[  locus  of  the  percolation  points  defines  another  constant  w/s  line  which  lies  just  above  the 
maximum  water  line.  NMR  self-diffusion  measurements  give  D0il  ancl  °DDAB  which  are  almost 
constant  throughout  the  entire  single-phase  region.  Those  for  oil  are  about  1/2  of  that  for 
bulk  oil.  Upon  addition  of  water,  Dy-O  decreases  by  a  factor  of  20,  which  substantiates  the 
conductance  measurements.  Thus  all  of  the  DDAB  microemulsions  are  blcontlnuous  along  the  AB 
line  and,  upon  addition  of  water,  all  (except  those  containing  tetradecane)  transform  to  w/o 
microemulsions. 
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STATEMENT  OF  THE  PROBLEM  STUDIED 

A.  TO  DEVELOP  VIDEO  ENHANCED  CONTRAST  DIFFERENTIAL  INTERFERENCE  MICROSCOPY  (VECDIM)  as 
an  effective  technique  for  characterizing  surfactant  microstructures  (vesicles,  lipo¬ 
somes,  liquid  crystals  and  emulsions).  This  new  light  microscope  technique  permits  par¬ 
ticles  and  microstructures  with  sizes  down  to  500A  to  be  directly  visualized  on  a  tele¬ 
vision  screen.  The  growth,  dynamics,  transformation  and  fusion  of  such  microstructures 
can  be  directly  pictured,  recorded  on  video  tape  and  analyzed  in  real  time.  VECDIM 
constitutes  a  major  advance  for  the  characterization  of  colloidal  phenomena  since  it  is 
rapid,  direct  and  free  from  artifacts. 

A  major  thrust  of  the  research  involves  developing  VECDIM  into  an  effective  tool  for 
characterizing  microstructural  systems.  The  emphasis  will  be  on  developing  sample  cells 
which  will  permit  controlled  flow  and  diffusion  expeirments  on  vesicles,  microemulsions 
and  other  determgent  microstructures  to  be  carried  out.  VECDIM  will  also  be  used  to 
study  solubilization  of  organic  material  in  micellar  and  other  surfactant  microstructure 
solutions.  The  systems  chosen  are  based  on  information  obtained  by  the  principal 
investigator  in  previous  studies  using  the  spinning  disc  technique.  VECDIM  permits  the 
dissolution  process  to  be  directly  pictured  at  the  detergent-oil  interface. 

B.  TO  EXPLOIT  THE  ABILITY  TO  DICTATE  THE  ARCHITECTURE  OF  SURFACTANT  MICROSTRUCTURES  by 
controlling  curvature  and  regulating  particle-particle  interactions.  Many  key  problems 
in  industrial  and  biological  processes  involve  microstructures  formed  from  surfactant 
aggregates,  biopolymers  and  other  colloidal  materials.  Industrial  examples  include  de¬ 
tergency,  decontamination  of  surfaces,  enhanced  oil  recovery,  filtration,  membrane  reac¬ 
tors,  coating  flow  technology,  mineral  flotation,  corrosion  inhibition  and  porous  media 
processes.  In  the  biological  domain  transport  of  vesicles  along  microtubules,  structure 
and  reactivity  of  membranes  Including  antibody  binding  are  obvious  examples.  An  emerg¬ 
ing  new  technology  involves  the  use  of  biological  analogues  of  vesicles,  liquid  crystals 
and  related  micros tructures  in  Industrial  processes  like  high  resolution,  fast  photo¬ 
graphic  film  (in  which  grain  size  is  defined  by  vesicles),  selective  drug  delivery,  con¬ 
trol  of  nucleation  and  growth  of  metal  clusters,  and  controlled  photosynthetic  reactions. 

The  microstructural  systems  employed  in  industrial  and  biological  processes  are  com¬ 
plex,  usually  polydisperse  and  sometimes  (intentionally)  inherently  unstable.  They  can 
be  extremely  sensitive  to  changes  in  pH,  ionic  strenght,  temperature,  flow  conditions, 
and  surfactant  concentration.  The  research  described  in  this  proposal  addresses  the 
question  of  how  one  controls  surfactant  structures.  Specific  projects  include  the 
following: 

1.  Vesicles  and  related  surfactant  aggregates:  to  develop  a  more  complete  characteri¬ 
zation  of  the  spontaneous  vesicles  that  we  have  discovered.  The  study  will  address 
questions  concerning  micelle-vesicle  equilbrium,  flow  stability  and  vesicle  growth 
and  transformation  accompanying  changes  in  chemical  environment.  Micelle-microtubule 
transformations  will  be  searched  for. 

2.  Three-component  microemsulsions:  to  elucidate  the  structure  of  three-component 
microemulsions  using  x-ray,  light  scattering,  NMR  and  vapor  phase  measurements,  exa¬ 
mine  low  surface  tension  and  to  exploit  various  ways  of  controlling  curvature. 

C.  TO  DETERMINE  THE  AGGREGATION  NUMBERS  OF  ALKYLTRIMETHYLAMMONIUM  BROMIDES  IN  WATER 
OVER  THE  TEMPERATURE  RANGES  25  TO  160° cT  The  driving  force  for  surfactant  aggregation 
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in  water  is  the  transfer  of  hydrocarbon  chains  from  the  polar  aqueous  environment  to  the 
oil-like  interior  of  the  aggregate.  The  forces  responsible  for  such  aggregation  are 
also  important  in  determining  the  staiblity  of  proteins,  enzymes,  macro-  and  microemul¬ 
sions  and  play  a  major  role  in  directing  biological  self-assembly.  In  order  to  under¬ 
stand  such  hydrophobic  processes  in  more  detail,  we  have  determined  critical  micelle 
concentration  (CMC)  for  alkyltrimethylammonium  surfactants  in  water  up  to  160°C  where 
the  structural  properties  of  water  are  greatly  diminished.  In  addition  we  have  charac¬ 
terized  micelle  and  liquid  crystal  formation  in  two  other  polar  solvents  ethylammonium 
nitrate  and  hydrazine.  Our  conclusion  concerning  hydrophobic  processes  (described  in 
detail  below)  are  contrary  to  those  commonly  accepted. 

In  order  to  rigorously  interpret  the  CMC  data  as  a  function  of  temperature,  micelle 
aggregation  numbers  are  required.  The  recent  analytic  solution  to  the  spherical  Poissou- 
Boltzmann  equation  provides  the  necessary  theoretical  framework.  We  will  determine  sur¬ 
factant  aggregation  numbers  for  the  alkyltrimethylammonium  bromides  in  water  as  a  func¬ 
tion  of  temperature  up  to  160°C  using  classical  light  scattering. 


SUMMARY  OF  RESULTS 

(1)  Direct  Visualization  of  Surfactant  Micro6tructures 

A  major  focus  of  our  research  has  been  on  the  development  of  techniques  that  permit 
direct  visualization  of  surfactant  microstructures.  With  complex  microstructures  like 
vesicles,  liposomes  or  microtubules,  where  polydispersities  and  interactions  are  impor¬ 
tant  issues,  the  abilities  to  directly  observe  real  time  behavior  and  structural  details 
is  important  in  characterizing  amphiphilic  systems.  We  have  employed  two  techniques  [1], 
video  enhanced  microscopy  (VEM)  and  cryo-transmission  electron  microscopy  (cryo-TEM). 

A  video  enhanced  microscope  consists  of  a  light  microscope  equipped  with  differen¬ 
tial  interference  contrast  optics,  a  video  camera  and  a  computer  for  image  processing. 

In  light  microscopy,  contrast  limitations  restrict  the  size  of  aggregates  we  can  select 
for  study,  while  resolution  limitations  restrict  the  amount  of  structural  information  we 
can  extract  from  microscopic  observation.  Many  surfactant  aggregates  like  vesicles  and 
microtubules  are  of  inherently  low  contrast,  and  the  eye  cannot  distinguish  them  from 
the  background  solution  even  with  differential  interference  contrast  optics.  We  can 
overcome  this  limitation  by  using  a  video  camera  that  responds  linearly  to  intensity  and 
a  computer  capable  of  real-time  digital  image  processing. 

Two  important  image-processing  steps  are  (1)  background  subtraction  and  (2)  grey¬ 
scale  transformation.  Background  subtraction  removes  optical  noise  arising  from  inacces¬ 
sible  dirt  and  lens  imperfections.  This  noise  appears  as  a  mottled  background  pattern 
that  obscures  the  objects  of  interest.  We  can  remove  it  by  storing  the  mottled  image  in 
the  computer  and  subtracting  it  frame  by  frame  from  the  actual  pattern.  Grey-scale 
transformation  increases  the  contrast  between  image  and  background.  With  very  low  con¬ 
trast  Images  (such  as  small  unilamellar  vesicles)  all  the  information  may  be  contained 
in  only  20  of  the  256  grey  levels  detected  by  the  video  camera.  The  transformation  pro¬ 
cess  changes  all  the  levels  above  and  below  these  20  grey  levels  to  black  and  white 
respectively  and  expands  the  original  20  shades  of  grey  into  256  shades. 

As  a  result  of  this  contrast  enhancement,  we  can  detect  isolated  colloidal  particles 
like  unilamellar  vesicles  or  latex  spheres  as  small  as  60  nm  or  extended  structures  as 


small  as  10  to  60  nm  [2],  and  this  enables  us  to  visualize  the  bilayer  structure  of 
large  vesicles  and  liposomes.  However,  the  video  image  is  enlarged  because  of  diffrac¬ 
tions. 


The  main  advantages  of  VEM  are  that  it  gives  us  the  ability  to  (1)  observe  the  dynam¬ 
ics  of  amphiphilic  structure  in  real-time  without  perturbing  the  system,  (2)  follow  flow 
and/or  chemically-induced  transformations,  (3)  record  the  video  information  and  reana¬ 
lyze  the  data  at  a  later  time,  and  (4)  use  time-lapse  recording  to  follow  transforma¬ 
tions  that  occur  over  a  period  of  hours  or  days.  It  is  useful  to  remember  that  photo¬ 
graphs  of  the  video  images  convey  only  a  small  fraction  of  the  information  we  can  obtain 
in  a  video  film. 

Neutralization  of  didodecyldlmethylammonium  hydroxide  micelles  by  hydrogen  bromide 
involves  all  these  factors.  The  change  of  counterion  results  in  the  transformation  of  a 
clear  micellar  solution  (aggregation  number  40)  [3]  to  liposomes  and  bilayers.  Simple 
mixing  of  the  two  solutions  between  the  coverslip  and  slide  results  in  uncontrolled  con¬ 
vection  and  an  almost  explosive  formation  of  large  liposomes  [1].  However,  we  can  ob¬ 
tain  more  useful  information  about  such  transformations  using  a  microscopic  flow  cell. 

In  our  cell  (Fig.  1),  the  two  solutions  are  pumped  into  two  entrance  ports  so  that  a 
sharp  interface  forms  down  the  length  of  the  rectangular  channel.  When  the  flow  is 
stopped,  neutralization  takes  place  across  the  interface.  The  micelle-liposome  trans¬ 
formation  (Fig.  2)  occurs  via  "worms”  or  microtubules  that  are  oriented  preferentially 
in  the  direction  of  the  acid-base  concentration  gradient.  These  "worms"  disappear  as 
liposomes  form.  We  note  that  many  transformations  between  various  microstructures 
appear  to  involve  "worms"  as  intermediates. 
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Figure  1.  Microscope  flow  cell  used  to  determine  the  effect  of  flow  and 
to  examine  chemically  induced  transformations  with  VEM.  In  the  con¬ 
figuration  shown,  the  center  of  the  three  ports  would  be  closed  while 
solution  and  reagent  would  enter  the  outer  ports,  flow  down  the  channels 
cut  in  the  gasket,  and  join  at  the  channel  intersection,  forming  a  sharp 
interface. 
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We  have  developed  a  number  of  cells  for  special  VEM  applications.  In  order  to  use 
high  magnification  (100X  objective,  oil  immersion),  the  total  working  space  between  the 
condenser  and  objective  lens  is  limited  to  2  mm  and  standard  microscopes  and  coverslips 
must  be  employed.  In  our  stainless  steel  flow  cell,  this  criterion  is  met  by  gluing  a 
microscope  slide  to  the  bottom  plate  of  the  cell  and  a  coverslip  to  the  top  plate,  and 
setting  the  distance  between  the  glass  surfaces  by  insertion  of  a  thin  teflon  gasket. 

The  cell  can  be  used  in  two  modes:  as  a  flow  cell  (shown  above  with  a  Y-shaped  flow 
channel)  or  as  a  stop  flow  mixing  cell  in  which  two  solutions  are  mixed  in  a  T-tube 
mixer  attached  to  the  cell.  The  mixed  solution  is  flowed  into  the  cell  down  a  single 
channel,  stopped,  and  the  transformation  followed  and  recorded  on  video  tape. 

We  have  also  developed  a  thermostatted  cell  which  employs  a  microscope  slide  coated 
on  the  back  with  a  transparent  conducting  layer  of  tin  oxide  [4).  The  sample  is  placed 
on  the  slide,  covered  with  a  coverslip  and  heated  by  passing  a  current  through  the  oxide 
layer.  The  temperature  is  measured  by  a  thermocouple.  (Commercially  available  thermo¬ 
statted  cells  are  too  thick  to  use  with  the  VEM  optics,  and  do  not  provide  a  uniform 
heating  of  the  sample.)  In  addition  we  have  built  a  flow  cell  for  measuring  electro¬ 
phoretic  mobility,  which  permits  the  structure  of  the  particles  whose  mobility  is  being 
measured  to  be  observed  simultaneously.  Using  this  cell,  we  have  made  measurements  on 
small  vesicles  prepared  from  mixtures  of  single-  and  double-chained  surfactants,  meas¬ 
urements  which  could  not  have  been  carried  out  with  commercially  available  equipment. 
Finally,  we  have  developed  flow  cells  which  permit  the  dissolution  of  water-insoluble 
material  by  surfactants  to  be  followed  visually.  These  applications  are  illustrated  in 
the  discussions  below. 


Figure  3  (a  sample  of  a  six- 
month-old,  1.7  wtX  SHBS)  shows  a 
typical  polydisperse  liquid  crystal 
line  aggregate  with  a  wide  diver¬ 
sity  of  structures.  When  we  switch 
the  VEM  optics  to  polarizing  optics 
without  moving  the  microscope  slide 
birefringence  and  the  Maltese 
crosses  characteristic  of  liquid 
crystalline  liposomes  appear  in  the 
large  structures  (points  A  and  B, 
Fig.  3).  We  can  follow  the  undula¬ 
tions  of  individual  bilayers  within 
the  birefringent  liposomes  (point  B 
Fig.  3)  and  the  caged  movement  of 
smaller  vesicles  entrapped  within 
larger  vesicles  (point  C,  Fig.  3) 
in  real  time.  Among  the  smaller 
structures  that  lie  beyond  the  resolution  limit  of  the  light  microscope,  the  "unstruc¬ 
tured"  spherical  region  of  diameter  ~  9  yM  (point  D,  Fig.  3),  is  of  particular  interest. 
In  real-time  this  region  presents  a  "sand  storm"  appearance  associated  with  very  small 
structures. 


A ,*  -  Llpeeome  (blref rlngent  und«r  created  pelare). 

C  —  Large  reticle  containing  entrapped  mailer  eeelelee. 

0  —  Veelele  vlth  a  *dtaat*etor«'  appearance  la  real  tlaa. 
Indicating  that  It  la  (Iliad  vlth  mall,  oaremlrakle 
partlclae. 


In  order  to  obtain  more  detailed  structural  information,  we  examined  this  SHBS 
sample  by  cryo-TEM  [5].  In  this  technique,  a  thin  liquid  sample  film  is  applied  onto  a 
carbon-film-covered  TEM  grid  with  many  perforations-  The  grid  is  held  by  tweezers  and 
inserted  in  a  guillotine-type  plunger.  When  the  grid  is  plunged  into  liquid  ethane,  the 
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water  In  the  specimen  solidifies  without  crystallizing  to  form  a  vitreous  ice  matrix. 
Such  rapid  freezing  avoids  the  artifacts  produced  by  the  phase  separation  and  solute 
segregation  encountered  in  many  other  TEM  preparation  techniques  [6].  Formation  of  vit¬ 
rified  specimens  has  several  distinct  advantages.  Contrast  improves  because  scattering 
from  hexagonal  ice  is  absent.  As  a  consequence,  the  background  becomes  almost  trans¬ 
parent,  and  we  can  see  the  fine  infrastructure  of  vesicles,  and  individual  bilayers.  In 
addition,  electron  beam  radiation  damage  is  reduced  in  vitreous  ice. 


»««.  *>««•<  MtUW  MINIM  IWI  im-TH  IIHMI  .<  .  1.1 

•t*  IIH  •««*  «M.  Urge  <|.M 

»HUU  (At  MUHdMlH  aeag  «wll«r 
vMtelM.  toe  •  |.n 


Figures  4  and  5  show  several  cryo- 
TEM  pictures  of  the  1.7%  SHBS.  They 
reveal  a  variety  of  structures,  includ¬ 
ing  vesicles  within  vesicles,  coiled 
tubules  within  vesicles,  and  liposomes 
in  which  the  bilayer  walls  are  visible 
in  the  clear  field  produced  by  the 
vitrified  ice.  Notice  in  Fig.  5  the 
appearance  of  beaded  tubes  which  appear 
to  have  been  frozen  in  the  process  of 
transforming  to  small  unilamellar  ves¬ 
icles  (point  A).  The  large  birefrin- 
gent  liposomal  structures  evidenced  by 
polarizing  microscopy  and  VEM  probably 
are  located  in  regions  of  vitrified  ice 
that  are  too  thick  for  viewing. 


As  a  comparison  of  cryo-TEM  and 
VEM  results,  the  enclosed  vesicle 
structure  (point  A,  Fig.  5)  of 
diameter  1.75  pm,  which  contains  a 
large  number  of  small  unilamellar 
vesicles  holds  particular  interest. 
We  believe  this  structure  is  simi¬ 
lar  to  the  VEM  structure  at  point  D 
in  Fig.  3.  In  fact,  the  sequence 
of  structures  at  point  C,  (Fig.  3, 

D  *  15  pm),  point  D  (Fig.  3,  D  *  9 
pm),  point  A  (Fig.  4,  D  ■  1.75  pm) 
and  point  C  (Fig.  5,  D  -  0.01  pm) 
suggest  that  cryo-TEM  and  VEM  see  a 
continuity  of  structures  that 
differ  in  size,  but  are  topologi¬ 
cally  similar. 


rtt.  C  ClMtNi  •#  I.M  *n>  (taritf  Mdllt-fMIMl 

■itfHskslM.  (A)  Nl  •  la  *  ha  gvacaas  af  toMfaj 

ta  law  wll  aaatataa  (I)  ca<la4  aAtraAakala 


•lata* 

afff 

•ar  -  Ml  m. 


More  recently  we  have  obtained 


the  first  Cryo-TEM  pictures  of 
small  spherical  micelles  (D  *  404)  formed  from  ditetradecyldimethylammonium  bromide. 


(2)  Effect  of  Temperature  on  Surfactant  Microstructures 

We  have  been  interested  in  characterizing  surfactant  aggregates  in  water  as  a  func¬ 
tion  of  temperature.  The  original  stimulus  for  this  work  was  the  desire  to  understand 
how  the  unique  structural  properties  of  water  affected  self-assembly  processes.  Specif- 
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ically  the  goal  was  to  determine  whether  nonpolar  groups  are  driven  out  of  aqueous  solu¬ 
tion  by  the  release  of  structured  water  (entropic  effects),  and  that  water  is  therefore 
different  from  all  other  solvents.  We  studied  micellization  across  a  sufficiently  large 
temperature  range  (25  to  160°C)  so  that  water  changed  from  a  highly  structured  liquid  to 
just  another  polar  hydrogen  bonded  solvent. 

We  measured  the  CMCs  (conductance)  [7]  and  more  recently  the  micellar  aggregation 
numbers  (light  scattering)  [8]  for  tetradecyltrimethylammonium  bromide  (and  other  alkyL- 
trimethylammonium  halides)  from  25  to  160°C.  These  results  are  summarized  in  Fig.  6; 
for  Cq4H29M(Me)38r ,  the  CMC  in  water  increases  by  a  factor  of  8  while  the  aggregation 
number  decreases  from  70  to  10. 

The  free  energy  of  micellization  can  be  expressed  in  terms  of  the  dressed  micelle 
model  [9]  as 

RT  in  XCMC  -  Ag(HP)  +  Ag(HG)  ,  (1) 

where  RT  in  Xcmc  the  total  free  energy  of  micellization,  Ag(HP)  is  the  free  energy  of 
transferring  the  hydrocarbon  chain  out  of  water  and  into  the  oil-like  interior  of  the 
micelle,  and  Ag(HG)  is  the  free  energy  associated  with  the  headgroup  interaction.  We 
can  calculate  Ag(HG)  from  the  nonlinear  Poisson-Boltzmann  equation  in  terms  of  the  Debye 
length  1/k,  the  micellar  aggregation  number  and  the  average  headgroup  area. 

The  important  result,  as  shown  in  Fig.  7,  is  that  the  "hydrophobic"  driving  force 
for  self-assembly  is  almost  independent  of  temperature  [10].  In  fact  the  free  energy 
displays  a  minimum  at  90°,  similar  to  what  is  observed  for  the  solubility  of  rare  gases 
in  water  [11].  The  change  in  AG  from  90°  to  25°  corresponds  to  increased  solubility  and 
leads  to  the  conclusion  that  the  effect  of  water  structure,  per  se,  is  to  actually  sta¬ 
bilize  nonpolar  groups  —  not  drive  them  out  of  aqueous  solution. 


Flfuni.  Micellization  of  tetradecyitrimethyiammonium  bromide 
(CuTAB)  in  water  as  a  function  of  temperature:  the  10-fold 
increase  in  the  critical  micelle  concentration  (croc)  upon  heating 
from  25  to  160  *C  is  shown  (O);  the  decrease  in  micellar  site 
(aggregation  number)  over  the  same  temperature  range  is  alto 
shown  (O). 


Figure  *?.  Thermodynamic*  of  the  micellization  of  tetradecyl¬ 
trimethylammonium  bromide  obtained  by  using  the  dressed 
micelle  model  and  the  data  in  Figure  2.  Despite  lane  change* 
in  AH  and  TaS,  the  free  energy  of  micellization  (AG)  remain* 
almost  constant  acroat  the  entire  temper* tu re  range  from  26  to 
160  *C. 
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Tabic  I  Comparison  of  Thermodynamics  of  Micelle 
Formation  and  Hydrocarbon  Transfer  in  Water  and 
Hydrazine 


surfactant 

T.  'C 

kcal  mol  1 

kcal  mol 

aShp. 

caJ  mol  ’  K‘l 

HjO  C„TAB 

25 

10  5 

3.0 

25 

95 

115 

12.4 

-2.5 

If.' 

10.6 

15  6 

-12 

H«N,  C„TAB 

35 

7.1 

11.0 

-13 

CijOS03Na 

35 

86 

14.0 

-18 

Thermodynamics  of  Transfer  of  Nonpolar  Gases 
from  Cyclohexane  to  EtN,NOt  and  H,0 


AG*. 

kcal  mol'1 

A//*, 
kcal  mol*1 

AS9, 

cal  mol'1  K'1 

Kr 

FS‘ 

16 

-09 

-9 

HjO 

2.8 

-2.9 

-19 

CH, 

FS 

1.6 

-0.5 

-4 

H,0 

2.9 

-2.7 

-18 

CjH, 

FS 

2.0 

-1.0 

-10 

H,0 

3,9 

-2.1 

-20 

C.H10‘ 

FS 

(3.61) 

(-5.71) 

(-31.3) 

H,0 

(6.35) 

(-6.21) 

(-42.1) 

•The  values  for  butane  refer  to  the  transfer  from  the  (as  phase 
to  the  fused  salt  and  to  water. 


Figure Free  energy  of  transfer  of  argon,  methane,  ethane,  and 
n-butane  from  several  liquids  to  the  gas  phase.  The  liquids  are 
plotted  according  to  their  value  of  yjy'y  where  y  is  the  surface 
tension  and  u  is  the  molar  volume.  This  (Gordon)  parameter  is 
a  measure  of  a  liquid's  “cohesiveness’,  and  liquids  with  Gordon 
parameters  above  about  13  tend  to  promote  aggregation  of  am¬ 
phiphilic  molecules.  One  exception  is  the  aprotic  3-methylsydnone 
where  yfv,r>  s  15  but  where  no  aggregation  phenomena  have  been 
detected  (see  text). 


The  change  in  AG  with  temperature  per¬ 
mits  the  value  of  AH  and  AS  in  Fig.  7  to  be 
calculated.  The  very  large  changes  in  AH 
and  AS  compensate  one  another  in  such  a  way 
as  to  make  almost  no  contribution  to  the 
free  energy. 

A  complementary  approach  to  this  problem 
involves  characterizing  surfactant  aggrega¬ 
tion  processes  in  other  polar  hydrogen  bond¬ 
ing  solvents  like  hydrazine  [12]  and  ethyl- 
ammonium  nitrate  [13].  In  Table  1,  the  AG, 
AH  and  AS  for  water  and  hydrazine  are  com¬ 
pared.  Water  and  hydrazine  are  equally  sol¬ 
vophobic,  and  hydrazine  at  25°C  looks  very 
much  like  water  at  160°C. 

A  more  general  issue  is  what  solvent 
properties  are  necessary  to  drive  self- 
assembly  of  amphiphilic  molecules.  All  of 
the  solvents  studies  so  far  (U4N2,  EAN,  for- 
mamide,  glycols)  are  polar,  multiply  hydro¬ 
gen  bonded  solvents.  A  useful  relationship 
between  solvophobic  free  energy  and  solvent 
polarity  is  shown  in  Fig.  8,  where  AG  is 
plotted  against  y/v1^  [14,15].  This 

latter  quantity  is  similar  to  the  Hildebrand 
solubility  parameter,  but  permits  solvents 
with  vanishingly  small  vapor  pressure  (EAN) 
to  be  considered.  All  of  the  non-hydrogen 
bonding  solvents  studied  fall  below  the  gly¬ 
cols,  in  which  aggregation  phenomena  are 
greatly  diminished.  An  exception  is  3- 
methylsydnone  which  is  a  polar  aprotic  sol¬ 
vent  (e  •  144,  y  *  7.4,  m  15)  which 

falls  between  H4N2  and  EAN  in  Fig.  8.  All 
of  our  attempts  [16]  (conductance,  polarized 
light  microscopy,  DIR)  to  obtain  evidence 
for  3elf-assembly  of  micelles  or  liquid 
crystals  in  this  solvent  were  unsuccessful. 


In  summary,  (1)  comparison  of  micellar 
aggregation  processes  in  water  and  other 
polar  hydrogen  solvents  provides  a  way  of  identifying  the  unusual  features  of  aqueous 
solutions.  (2)  Studies  across  a  large  temperature  range  in  water  provdes  a  way  to 
assess  the  contributions  of  water  structure  to  amphiphilic  aggregation,  and  (3)  measure¬ 
ments  in  3-methylsydnone  provides  evidence  that  self-assembly  processes  require  a  sol¬ 
vent  with  multiple  hydrogen  bonding  sites. 


A  second  major  issue  involves  the  effect  of  temperature  on  aggregate  structure.  The 
size  of  all  ionic  aggregates  appears  to  decrease  with  increasing  temperature,  as  exempli 
fled  by  the  data  in  Fig.  6.  One  often  cited  explanation,  that  these  decreases  reflect 
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changes  in  water  structure  is  ruled  out  by  the  data  in  Fig.  7.  Since  this  data  pertains 
to  the  CMC  when  interaggregate  interactions  are  small,  the  decrease  in  aggregation  num¬ 
ber  must  reflect  changes  in  headgroup  interactions,  i.e.  must  be  of  electrostatic  origin. 
It  occurred  to  us  that  the  dielectric  constant  at  the  surface  of  the  charged  aggregates 
might  have  a  temperature  dependence  which  was  significantly  different  from  that  of  the 
bulk.  The  interfacial  dielectric  constant  is  lower  than  the  bulk  value  because  of  image 
effects  associated  with  the  adjacent  hydrocarbon  core  and  partial  orientation  of  the 
interfacial  water,  and  could  therefore  have  a  very  different  temperature  dependence.  We 
measured  the  interfacial  dielectric  constant,  e',  from  25  to  90°C  using  solvatochromic 
dye  probes  [17].  While  there  is  good  reason  to  be  skeptical  about  the  absolute  magni¬ 
tude  of  er  determined  by  such  techniques,  the  temperature  dependence  is  probably  more 
reliable.  The  value  of  e'kT  shows  a  slight  positive  temperature  dependence,  whereas 
that  for  the  bulk  dielectric  constant  displays  a  slight  negative  dependence.  However, 
the  differences  are  not  significant.  We  plan  to  pursue  the  question  of  headgroup  inter¬ 
actions  as  a  function  of  temperature  as  part  of  the  proposed  research. 

Double-chained  surfactants  display  considerably  more  diversity  in  their  changes  of 
aggregace  structure  with  temperature.  We  will  explore  this  subject  as  part  of  our  pro¬ 
posed  research  program.  As  an  Initial  effort  [4,18],  we  have  examined  the  aggregation 
behavior  of  the  dialkyldimethylammonium  bromides  as  a  function  of  temperature  with  VEM, 
cryo-TEM  and  fluorescence  probe-quencher  measurements.  With  the  VEM  heating  stage,  we 
observe  the  transformation  of  (CioH2l)2N(M®)2Br  from  liquid  crystalline  liposomes  to 
single-wall  vesicles  which  upon  further  heating  disappear  (T  >  70“C)  suggesting  the  for¬ 
mation  of  micelles  which  cannot  be  detected  by  VEM.  Cryo-TEM  measurements  on  didecyldi- 
methylammonium  bromide  solutions  heated  to  70°C,  before  quenching  in  liquid  ethane,  show 
the  presence  of  small  USV  and  possibly  the  existence  of  small  micellar  structures  [1]. 
Thus,  upon  heating,  this  surfactant  transforms  from  liposome  structures  with  a  surfac¬ 
tant  number  of  v/ta  •>  1  to  spherical  micelles  wich  v/ la  >  1/3. 


More  direct  evidence  for  this  can  be  obtained  from  fluorescence  lifetime  measure¬ 
ments.  These  studies  constitute  a  substantive  part  of  last  year's  research  program  and 
since  they  are  not  yet  published  they  will  be  discussed  in  some  detail.  Our  measure¬ 
ments  employed  pyrene  or  octylpyrene  as  the  fluorescence  probe  with  a  probe-to-surfactant 
ratio  less  than  2  x  10~^  and  dibutylaniline  as  quencher.  Fluorescence  lifetime  measure¬ 
ments  were  made  using  a  single  photon  counting  technique. 


For  a  micellar  solution,  the  data  were  fitted  to  the  miceller  quenching  model 


I(t)  -  1(0)  exp[A2t  -  A^(l  -  exp(-  A^t ) ) ] 


(2) 


where  A2  and  A4  are  the  rate  constant  for  unquenched  decay  of  fluorescence  (k^)  and  for 
quenching  of  a  probe  by  a  single  quencher.  A3  represents  the  average  number  of  quench¬ 
ers  per  micelle  and  is  given  by 


.  ,  M«i 

*3  [SURF]  -  [CMC 


(3) 


where  [Q]  is  the  quencher  concentration,  [SURF]  is  the  surfactant  concentration,  [CMC ] 
is  the  critical  micelle  concentration,  i  is  the  average  aggregation  number.  For  dilute 
monodisperse  micelles  in  which  probe  and  quencher  exchange  between  micelles  can  be  ig¬ 
nored,  i  is  the  weight  average  aggregation  number  n.  Plots  of  £n(I/Io)  vs.  time  yield 
curves  with  a  double  exponential  decay  like  those  shown  in  Fig.  9A  for  hexadecyltri- 
methylammonium  acetate  which  forms  spherical  micelles  with  n  =  68. 
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We  have  developed  an  analogous  expression  for  fluorescence  lifetimes  In  liposomes 
and  vesicle  dispersions  which  Is 

1/2 

l(t)  =  1(0)  exp [-k^t  -  kv[Qa]t  -  kD[Qa1c  ]  .  (4) 

where  kv  Is  the  second  order  rate  constant  for  quenching  in  vesicles,  etc. ,  kQ  is  a 
"diffusion-depletion"  term  that  accounts  for  time  dependent  reaction  rates  in  viscous 
solvents  (like  amphiphilic  bilayers)  and  Qa  is  the  quencher  concentration  calculated 
using  the  total  aggregate  volume  (not  the  bulk  solution  volume).  Equation  (4)  can  be 
rewritten  as 

Kt)  -  exP(-kappc  "  kD0cl/2)  *  (5) 

where  kapp  ■  kq  +  kv [ Qa ]  and  kpo  =  KD[Qa]*  Plots  of  kapp  and  koo  vs.  [Qa]  allow  diffu¬ 
sion  coefficients  and  reaction  encounter  distances  between  probe  and  quencher  to  be  cal¬ 
culated.  Thus  solution  containing  100%  micelles  (Fig.  9a,  hexadecyltrimethylammonium 
acetate)  or  100%  vesicles  (Fig.  9B,  1.9  mM  sonicated  egg  lecithin,  SUV)  can  be  easily 
distinguished  by  the  slopes  of  their  respective  decay  curves.  For  mixtures  of  micelles 
and  vesicles 


I(t)  =  1(0) {f  exp [“A^t  -  A3(l  -  exp  -  A^t)] 


M*.  9.  31fi|l«  photo*  CMitlti  4iti  (norwalliad  to  th*  hiIom 

latanat'y)  for  •)  0.05  N  houdocrltrloothploooontiM  ocototo 
(CTAOAc ) ,  1  -  o  •  0.0,  1  -  n  -  0.005*1,  1  -  n  *  0.010*,  t  - 
o  “  O.OUii  V)  l.f  *#<  •**  lacltMa  (imU  ootlnallor  nit' 
cola,  SOVa,  In  0.U5  M  KaCl  prapara*  hr  th*  alcohol  lajaa- 
tto*  ootho*),  l  -  ■«  -  0.0,  2  -  n  •  0.011,  5  -  0  -  O.OlIt, 

*  -  h  •  0.0520| 


where  fm  is  the  fraction  of  surfactant 
in  micellar  form.  We  tested  this  equa¬ 
tion  by  generating  simulated  fluo¬ 
rescence  data  and  were  able  to  extract 
back  the  input  using  eq.  (7).  However, 
when  we  added  Gaussian  noise  like  that 
encountered  in  actual  fluorescence  data, 
we  were  unable  to  extract  back  the  ori¬ 
ginal  parameters.  Alternatively,  if 
the  data  from  micelle-vesicle  mixtures 
is  fit  to  eq.  (2)  (the  micelle  model), 
the  values  of  A4  show  a  marked  depen¬ 
dence  on  quencher  concentration  which 
increases  as  ( 1— f m)  increases.  Thus  we 
can  obtain  a  quantitative  estimate  of 
the  relative  fractions  of  micelles  and 
vesicles;  in  particular,  we  can  follow 
vesicle-to-micelle  transition  and  can 
obtain  a;i  estimate  of  micellar  aggrega¬ 
tion  numbers.  Measurements  on  dialkyl- 
dimethylammonium  bromide  systems  as  a 
function  of  temperature  yield  curves 
which  transform  from  those  of  Fig.  9B 
at  low  temperature  to  those  of  Fig.  9A 


at  high  temperature.  At  intermediate  temperatures  the  data  fit  eq.  (6).  These  results 


are  consistent  with  the  VEM  and  cryo-TEM  images. 


We  also  investigated  the  behavior  of  mixtures  of  dicaproylphosphatidylcholine,  which 
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forms  small  spherical  micelles,  and  dipalmitoylphosphatidylcholine,  which  forms  multi¬ 
layer  liposomes  [10].  In  this  case  the  Isothermal  transformation  from  micelles  to  lipo¬ 
somes  is  driven  by  changes  In  chain  length.  The  fluorescence  measurements  yield  data 
which  demonstrate  the  coexistence  of  mixtures  of  vesicles  and  micelles  In  the  mixed 
amphiphilic  system. 

(3)  Effect  of  Counterions  Upon  Amphiphilic  Structures 

We  have  shown  that  changing  surfactant  counterions  can  have  a  dramatic  effect  on 
aggregate  structure.  The  key  observation  was  that  double-chained  cationic  surfactants 
like  didodecyldlmethylammonlum  form  clear  nonvlscous  solutions  with  acetate  or  hydroxide 
counterions  up  to  quite  high  concentrations  (C  *  0.2  M)  [19].  The  corresponding  bro¬ 
mides  are  opaque,  liquid  crystalline  dispersions. 

Some  Insight  Into  this  behavior  comes  form  a  comparison  of  the  micellar  properties 
of  single-chain  compounds  like  dodecyltrimethylammonium  bromide,  hydroxides  and  acetates 
[20].  The  acetates  and  hydroxides  give  high  CMCs,  considerably  lower  aggregation  num¬ 
bers  and  higher  fractional  micellar  changes  than  the  bromide.  In  addition,  the  micellar 
aggregation  numbers  increase  only  slightly  with  added  NaOAc  or  NaOH  (l.e.  they  change 
from  40  with  no  salt,  to  68  at  1  M  NaOH  or  NAOAc),  whereas  those  for  the  bromide  in¬ 
crease  dramatically.  Calculations  with  the  dressed  micelle  model  are  consistent  with 
OH-  and  OAc-  counterions  sitting  on  the  average  4A  further  away  from  the  surface  than  do 
Br-  ions  in  the  corresponding  bromide  [21].  In  the  case  of  OAc-  and  OH-  counterions, 
the  high  degree  of  aggregate  ionization  leads  to  larger  headgroup  repulsion  and  an  in¬ 
crease  in  curvature  at  the  aggregate-water  interface.  At  the  other  extreme  are  some  of 
the  chlorobenzoates  which  bind  more  strongly  than  bromide,  and  result  in  the  formation 
of  extended  viscoelastic  structures  even  with  single-chained  surfactants. 

Recently,  we  have  measured  the  aggregation  number,  N,  for  hexadecyltrimethylammonium 
bromide-acetate  mixtures.  A  plot  of  N  vs.  mole  fraction  OAc-  is  linear,  going  from  122 
for  the  pure  bromide  to  75  for  the  acetate. 

With  a  change  in  counterion  from  Br-  to  OAc-  or  0H“,  dialkyldimethylammonium  surfac¬ 
tants  form  clear  solutions  containing  either  vesicles,  micelles  or  a  mixture.  We  origi¬ 
nally  proposed,  based  on  Inferences  drawn  from  QELS,  VEM  and  transmission  electron  mi¬ 
croscopy,  that  didodecyldimethylammonium  hydroxide  and  acetate  formed  vesicles  in  dilute 
solution  which  transform  into  micelles  in  more  concentrated  solution  [19,22].  Steady 
state  fluorescence-quencher  measurements  supported  the  hypothesis  of  a  vesicle-to- 
micelle  transformation.  However,  there  are  a  number  of  implicit  assumptions  in  using 
steady  state  fluorescence  measurements  for  measurement  of  aggregation  numbers.  For  that 
reason,  we  reinvestigated  didodecyldimethylammonium  acetate  using  the  lifetime  measure¬ 
ments  described  in  the  previous  section.  The  results  are  consistent  with  the  presence 
of  mainly  micelles  across  the  entire  composition  range.  These  conclusions  are  in  accord 
with  neutron  scattering  measurements  by  Professor  L.  Magid  [23]. 

We  have  also  investigated  microstructures  formed  from  mixtures  of  ditetradecyldi- 
methylammonium  bromide  and  acetate  using  VEM,  cryo-TEM,  video  enhanced  electrophoresis 
and  time  resolved  fluorescence  quenching  [4,24].  A  gradual  transformation  from  multi- 
lamellar  liposomes,  to  unilamellar  vesicles  and  microtubules,  and  then  to  small  spherical 
micelles  occurs  as  the  bromide  to  acetate  ratio  goes  from  unity  to  zero.  Fluorescence 
quenching  reveals  that  micelles  and  larger  aggreates  (i.e.  microtubules  and  vesicles) 
coexist  at  Intermediate  bromide  to  acetate  ratios.  Electron  microscope  pictures  of 
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these  acetate  systems  reveal  the  presence  of  single  component  spherical  micelles,  and 
constitute  the  first  direct  visualization  of  spherical  micelles  by  VEM. 

Replacement  of  counterions  with  anionic  surfactants  can  also  result  in  the  formation 
of  aggregates  with  increased  curvature.  For  example,  addition  of  the  macrocyclic  cryp- 
tate,  C222,  to  sodium  dodecylsulfate  results  in  a  decrease  in  aggregation  number  from  60 
to  40  [25,26].  Addition  of  C222  to  the  double-chained  Texas  I  results  in  the  conversion 
of  liposomes  to  vesicles  (at  low  ratios  of  C222  to  surfactant)  and  micelles  at  higher 
ratios  [27].  The  C222  has  a  diameter  of  1  nm,  and  complexation  of  alkali  metal  ions  re- 

(4)  Mlcroemulslons 


Much  of  our  research  program  has  focused  on  the  structural  properties  of  three- 
component  microemulsions  which  employ  the  dialky ldimethylammonium  halides  as  surfactants. 
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FTfur*  Q,  Boundaries  allowed  by  geometric  constraints  due  to  volume 
fraction  and  surfactant  chain  pecking  with  decane  as  the  oil  and  do  •  40 
A1  for  DDAB.  The  actual  phase  boundary  for  DDAB-decane-witer 
microemulsion  systems  is  shown  (solid  line).  R„  and  R^  were  derived 
from  the  onset  at  A  point  and  percolation  line  (as  the  limiting  radius  of 
curvature  for  cylinders),  respectively. 
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Figured,  Boundaries  allowed  by  geometric  constraints  due  to  volume 
fraction  and  surfactant  chain  packing  with  cyclohexane  at  the  oil  and  a, 
■  50  A’  for  DDAB.  The  actual  phase  boundary  for  cyclohesane- 
water-DDAB  micraemultion  systems  is  shown  (solid  line).  R^,  and 
were  derived  from  the  onset  at  A  point  and  percolation  line  (at  the 
limiting  radius  of  curvature  for  cylinders),  respectively.  These  lines  lie 
coincidentally  on  the  same  boundaries  for  surfactant  chain  packing  limits 
at  an  ■  50  A*. 


We  began  by  characterizing  microemul- 
slons  formed  from  didodecy ldimethylam¬ 
monium  bromide  and  the  oils  hexane 
through  tetradecane  [28-31].  The  key 
features  of  these  systems  are:  (1)  the 
surfactant  is  only  sparingly  soluble  in 
either  oil  or  water,  so  that  the  inter¬ 
facial  area  is  fixed  by  the  surfactant 
concentration.  (2)  In  the  absence  of 
co-surfactant,  oil  specificity  becomes 
evident.  (3)  The  single-phase  region 
of  the  DDAB-cyclohexane  microemulsion 
resembles  a  wedge  with  two  well  defined 
sides  (see  Figs.  10  and  11).  These 
correspond  to  minimum  (AB)  and  maximum 
water  content  curves  which  almost  coin¬ 
cide  with  constant  w/s  lines  on  the 
ternary  phase  diagram.  The  signifi¬ 
cance  of  the  curved  upper  boundary  of 
the  wedge  can  be  understood  in  terms  of 
the  packing  constraints  described  below. 
With  decreasing  oil  penetration,  the 
single-phase  region  shows  progressively 
larger  departure  from  this  simple  wedge 
shape,  and  with  tetradecane  the  single 
phase  does  not  extend  into  the  oil  cor¬ 
ner.  To  a  first  approximation  however, 
it  is  convenient  to  picture  the  phase 
diagram  as  comprising  a  wedge.  (4) 

Upon  addition  of  water  (as  one  moves 
from  the  AB  line  toward  the  water  cor¬ 
ner  along  constant  s/o  lines),  the  con¬ 
ductance  decreases  for  all  the  oils  ex¬ 
cept  tetradecane,  and  a  transition  to  a 
nonconducting  liquid  is  observed.  The 
locus  of  the  percolation  points  defines 
another  constant  w/s  line  which  lies 
just  above  the  maximum  water  line 


(located  just  above  the  Umax  (cyl)  lines  In  Figs.  10  and  11).  NMR  self-diffusion  meas¬ 
urements  give  D0ii  and  Dj)d^b  which  are  almost  constant  throughout  the  entire  single¬ 
phase  region.  Those  for  oil  are  about  1/2  of  that  for  bulk  oil.  Upon  addition  of  water, 
DH20  decreases  by  a  factor  of  20,  which  substantiates  the  conductance  measurements. 

Thus  all  of  the  DDAB  microemulsions  are  bicontinuous  along  the  AB  line  and,  upon  addi¬ 
tion  of  water,  all  (except  those  containing  tetradecane)  transform  to  w/o  microemulsions. 

Based  on  these  observations,  we  have  proposed  that  along  the  AB  ]ine  the  predominant 
structures  are  water-filled  conduits  which  are  interconnected  to  form  a  bicontinuous 
structure.  Upon  addition  of  water,  or  upon  traversing  the  AB  line,  the  conduits  trans¬ 
form  to  droplets  of  water  in  oil.  We  have  suggested  that  for  any  given  oil  there  is  a 
range  of  curvatures  Rmin  <  R  <  Rmax  ac  Che  internal  oil-water-surfactant  interface  that 
is  compatible  with  the  existence  of  the  microemulsion  phase.  This  curvature  is  deter¬ 
mined  by  a  balance  between  oil  penetration  into  the  surfactant  layer,  which  tends  to 
increase  curvature,  and  headgroup  repulsion,  which  tends  to  diminish  curvature. 


We  have  developed  a  geometric  model  [32] 
in  terms  of  the  packing  constraints  associ¬ 
ated  with  surfactant-coated  conduits  and 
spheres  of  water.  These  constraints  result 
in  the  phase  diagram  shown  by  the  shaded  re¬ 
gion  of  Figs.  10  and  11  for  two  values  of  the 
headgroup  area,  50  and  60 A^.  For  comparison 
purposes,  the  microemulsion  region  of  the 
decane  and  cyclohexane  microemulsions  are 
shown.  This  approach  permits  global  micro- 
emulsion  structure  and  curvature  at  the  oil- 
water  interface  to  be  related.  Recalling 
that  the  radius  of  curvature  of  a  conduit  is 
C  ■  R  and  for  a  sphere  is  C  *  R/2,  plots  of 
1/C  vs.  wt%  water  can  be  constructed. 

Examples  for  various  s/o  values  with  a  " 

60 are  shown  in  Fig.  12.  Also  included  are 
the  Rmin  and  Rmax  lines  for  decane  as  deter¬ 
mined  experimentally.  The  single-phase 
microemulsion  forms  at  the  intersection  of 
the  minimum  radius  of  curvature  Rmin  line 
with  the  water  radius  curve  for  cylinders. 
Addition  of  more  water  swells  the  conduits. 

In  terms  of  the  packing  constraints  alone, 
conduits  remain  acceptable  structures  until 
Rmax  I3  reached.  In  order  to  accommodate 
still  more  water,  the  microemulsion  must 
rearrange  into  spheres  if  Rmax  13  aot  t0 

exceeded.  Figure  11  also  illustrates  that,  as  the  oil  corner  is  approached  (lower  s/o), 
both  the  percolation  point  and  the  phase  boundary  occur  at  lower  water  content,  deter¬ 
mined  by  Rmax*  1°  reality,  the  transition  from  bicontinuous  to  discrete  structures 
occurs  continuously  as  one  moves  along  water  dilution  lines  toward  the  water  corner. 


Figure  IX  PVrti  of  l/C  (C  i«  the  radial  of  curvature)  venal  weight 
percent  water  for  varioui  1/0  retina  (by  weight),  a,  ■  60  A*  wit  vied 
for  tbcae  curvet. 


We  also  measured  the  anisotropy  of  the  amphiphilic  fluorescence  probe  p-(trimethyl~ 
amino)diphenylhexatriene  in  the  DDAB  microeoulsion  [32].  The  anisotropy  was  almost 
constant  when  the  microemulsions  were  diluted  with  oil  (constant  curvature)  but  showed  a 
substantial  decrease  when  diluted  with  water  (changing  curvature). 
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The  notion  of  packing  constraints  associated  with  impenetrable  cylinders  and  spheres 
goe9  a  long  way  toward  exploring  many  of  the  properties  of  the  DDAB  three-component 
microemulsions-  However,  many  issues  remain  unresolved.  (1)  In  the  Illustrations  given 
above,  It  Is  assumed  that  the  headgroup  area,  a0,  Is  fixed  across  the  entire  microemul¬ 
sion  phase.  This  must  be  an  oversimplification;  it  is  likely  that  a0  increases  slightly 
upon  addition  of  water.  (2)  Counterion  specificities  and  electrostatic  interactions  in 
inverted  systems  remain  ill-defined.  It  is  difficult  to  avoid  using  empirical  R-niin  anc* 
Rjjax  to  define  the  phase  boundaries  which  oust  reflect  thermodynamic  factors  which  are 
not  explicitly  considered  in  a  simple  packing  model.  (3)  Only  steric  (repulsive)  inter¬ 
actions  between  cylinders  or  spheres  are  included.  (4)  Entropic  contributions  are  not 
considered. 

In  collaboration  with  Professor  S.  Prager,  we  are  presently  developing  a  more 
sophisticated  theory  based  on  a  Voronoi  tessellation  model.  We  plan  to  continue  this 
effort  and  describe  this  in  more  detail  in  the  following  section. 

A  major  challenge  of  microemulston  science  is  understanding  the  origin  of  the  extra¬ 
ordinarily  low  interfacial  tension  encountered  in  such  systems.  We  measured  the  inter- 
ficial  tension  [33]  between  the  DDAB  microeraulsion  (AB  line)  in  equilibrium  with  excess 
oil  and  were  able  to  predict  how  the  interfacial  tension  varied  as  a  function  of  oil 
chain  length  and  dilution  down  the  minimum  water  line.  The  interfacial  tension  of  these 
inverted  microemulsion  structures  can  be  understood  in  terms  of  the  very  large  attrac¬ 
tive  van  der  Waals  forces  associated  with  water-filled  conduits  cylinders  in  an  oil  con¬ 
tinuum  [34].  Theory  shows  that  for  nonconducting  cylinders,  the  Hamaker  constant  is  40 
times  larger  than  for  either  spheres  or  bilayers;  for  conducting  conduits  the  effect  is 
even  larger.  Under  the  influence  of  these  extraordinarily  large  attractive  forces,  the 
microemulsion  conduits  are  drawn  together,  squeezing  out  excess  oil  until  the  oil- 
swollen  surfactant  chains  from  adjacent  conduits  come  into  contact.  The  change  in 
energy  associated  with  this  process  permits  for  the  first  time  the  quantitative  evalu¬ 
ation  of  interfacial  tension  in  inverted  microemulsloa  phases.  While  the  model  contains 
a  number  of  simplifying  assumptions,  it  does  allow  delineation  of  the  variation  of 
interfacial  tension  with  oil  chain  length  and  the  accompanying  translation  from  conduits 
to  spheres. 

The  nature  of  counterion  effects  in  inverted  systems  is  complex.  There  is  no 
general  solution  to  the  Poisson-Boltzmann  equation  for  inverted  structures,  and  even  if 
there  were,  the  extraordinarily  high  concentration  of  counterions  (4-10  M)  encountered 
in  these  ionic  microemulsions,  would  make  Inferences  drawn  from  dilute  solution  theory 
suspect.  We  have  characterized  DAA  microemulsions  with  chloride  and  iodide  as  counter¬ 
ions  [3S].  Replacement  of  bromide  by  chloride  results,  in  some  cases,  in  the  formation 
of  multiple  single-phase  regions  and  with  iodide  only  a  very  small  one-phase  region 
appears.  These  systems  are  also  much  more  susceptible  to  effects  of  added  electrolytes: 
above  0.3  M  salt,  DDAB  microemulsions  do  not  form.  Thus  counterions  and  salt  effects  in 
inverted  systems  are  more  pronounced  than  in  amphiphilic  structures  with  normal  curvature. 

We  have  also  investigated  the  effect  of  variations  of  the  chain  length  of  the  surfac¬ 
tant  [36].  The  phase  diagram  for  didecyldimethylammonium,  decyldodecyldlmethylammonium 
and  hexadecyloctyldimethylammonium  bromide  were  determined.  The  behavior  is  complex;  in 
some  cases  two-phase  regions  are  observed  while  in  others,  the  microemulsions  extend  to 
the  water  corner  rather  than  to  the  oil  corner.  Conductance  and  NMR  diffusion  measure¬ 
ments  provide  information  on  the  changes  involved  in  passing  from  bicontinuous  to  water 
or  oil-continuous  phases. 
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ABSTRACTS  OF  ALL  PUBLICATIONS 
Direct  Visualization  Techniques 

"Meaning  and  Structure  of  Amphiphilic  Phases:  Inferences  from  Video-Enhanced  Microscopy 
and  Cryo-Transmission  Electron  Microscopy,"  D.  D.  Miller,  J.  R.  Bellare,  D.  F.  Evans,  Y. 
Talmon  and  B.  W.  Ninham,  J.  Phys.  Chem.  91,  674  (1987). 

This  paper  attempts  to  come  to  grips  with  a  major  issue  confronting  association 
colloid  science.  It  does  so  by  illustrating  some  surprising  features  of  aggregates  of 
simple  amphiphiles  as  revealed  by  two  powerful  complementary  tools,  video-enhanced 
microscopy  (VEM)  and  cryo-transmission  electron  microscopy  (cryo-TEM),  both  of  which 
allow  direct  visualization.  The  natures  of  these  aggregates  challenge  existing  theories, 
and  show  up  limitations  of  some  other  noninvasive,  though  indirect,  techniques.  The 
problem  of  the  meaning  of  amphiphilic  phases  and  their  microstructure  is  discussed  and 
the  necessity  for  a  different  descrip-tive  language  emphasized. 


Temperature  Dependence  and  Non-Aqueous  Solvents 

"Spectroscopic  Determination  of  the  Effective  Dielectric  Constant  of  Micelle-Water 
Interfaces  between  15  and  85°C,“  Gregory  G.  Warr  and  D.  Fennell  Evans,  Langmuir  4,  217 
(1988). 

The  effective  dielectric  constant  of  the  interfacial  region  of  several  ionic  and 
nonionic  micelles  has  been  determined  over  the  range  15-85°C  by  using  two  lipophilic, 
solvatochromic  dye  probes.  Results  are  measurably  different  from  the  results  of  bulk 
solvents  investigated  and  are  discussed  in  terms  of  the  model  of  Mukerjee  and  Buff  for 
dipoles  at  interfaces.  This  model  is  examined  in  detail,  resulting  in  improvements  to 
its  predictive  power.  Specific  chemical  and  solubilization  location  effects  in  solva¬ 
tochromic  dye  studies  of  interfacial  dielectric  constants  are  also  examined  in  terms  of 
this  model.  The  consequences  of  the  dielectric  behavior  for  headgroup  interactions 
within  micelles  are  discussed. 


"Evidence  for  the  Essential  Role  of  Hydrogen  Bonding  in  Promoting  Amphiphilic  Self- 
Assembly:  Measurements  in  3-Methylsydnone, "  A.  H.  Bees ley,  D.  F.  Evans  and  R.  G. 
Laughlin,  J.  Phys.  Chem.  92,  791  (1988). 

Surface  tension  and  conductance  measurements  on  tetradecylpyrldlnlum  nitrate  and 
hexadecylpyridinlum  bromide  and  diffusive  interfacial  transport  experiments  on  dihexa- 
decy ldimethylammonium  acetate  in  3-methylsydnone  are  reported.  3-methyl-sydnone  is 
aprotic,  possesses  a  high  dielectric  constant  (144  at  40°C),  and  has  a  high  cohesive 
energy  density.  Unlike  hydrogen-bonding  solvents  of  comparable  polarity,  no  evidence 
for  association  colloid  behavior  is  detected  in  3-methylsydnone.  These  results  confirm 
previous  inferences  chat  hydrogen  bonding  is  a  prerequisite  for  amphiphilic  self- 
assembly. 
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"Theromodyanmic  Properties  of  the  Ethylammonium  Nitrate  +  Water  System:  Partial  Molar 
Volumes,  Heat  Capacities,  and  Expansivities,"  Martin  Allen,  D.  Pennell  Evans  and  Rufus 
Lumry,  J.  Solution  Chem.  14,  549  (1985). 

Partial  molar  volumes  at  15,  25,  and  45°C  and  partial  molar  heat  capacities  and 
expansivities  at  25°C  for  ethylammonlum  nitrate  +  water  mixtures  are  reported.  The 
results  are  compared  with  those  for  other  aqueous  cosolvents,  particularly  hydrazine 
and  ammonium  nitrate. 


Counterion  Effects 


"Control  of  Aggregate  Structure  with  Mixed  Counterions  in  an  Ionic  Double-Chained 
Surfactant,"  D.  D.  Miller,  J.  R.  Bellare,  T.  Kaneko  and  D.  F.  Evans,  J.  Phys.  Chem. 
(submitted). 

The  microstructure  in  dilute  aqueous  solutions  of  the  ditetradecyldlmethylammonlum 
surfactant  cation  with  mixtures  of  bromide  and  acetate  counterion  were  studied  using 
video  enhanced  microscopy,  video  enhanced  microelectrophoresis,  cryo-transmisslon  elec¬ 
tron  microscopy  and  time  resolved  fluorescence  quenching.  A  gradual  transformation  from 
multilamellar  liposomes  to  first,  unilamellar  vesicles  and  microtubules  and  then,  small 
spherical  micelles  was  seen  when  the  bromide-to-acetate  ratio  is  reduced  from  unity  to 
zero.  Fluorescence  quenching  reveals  that  micelles  and  larger  aggregates  (i.e.  microtu¬ 
bules  and  vesicles)  coexist  at  intermediate  bromide-to-acetate  ratios.  Electron  micro¬ 
graphs  of  these  systems  at  low  bromide-to-acetate  ratios  are  the  first  ever  to  reveal 
the  presence  of  single-component  spherical  micelles.  The  results  can  be  explained  in 
terms  of  Increased  headgroup  and  Interaggregate  repulsions  as  the  bromide  ion  is 
replaced  by  the  highly  hydrated  acetate  ion. 


"Fluorescence  Quenching  in  Double-Chained  Surfactants.  I.  Theory  of  Quenching  in 
Micelles  and  Vesicles,"  D.  D.  Miller  and  D.  F.  Evans,  J.  Phys.  Chem.  (submitted). 

The  time-resolved  fluorescence  quenching  technique  is  used  to  investigate  the  aggre¬ 
gation  behavior  of  double-chained  surfactants.  With  a  new  extension  of  this  technique, 
surfactant  solutions  consisting  of  1)  only  vesicles,  2)  mixtures  of  vesicles  and 
micelles  or  3)  only  micelles  can  be  distinguished.  When  applied  to  solutions  of  didode- 
cyldimethylammonium  acetate,  the  microstructure  is  determined  to  be  composed  of  mainly 
small  micelles  over  a  wide  concentration  range  (0.001  M  to  0.1  M);  the  contribution  of 
vesicles  to  the  total  surfactant  inventory  is  quite  small.  In  studies  of  double-chained 
surfactants,  the  technique  is  particularly  valuable  for  following  the  transformation  of 
liquid  crystalline  dispersions  to  micellar  solutions  upon  heating  or  dilution. 
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"Counterion  Comp lexat ion.  Ion  Specificity  in  the  Diffuse  Double  Layer  of  Surfactant  and 
Classical  Colloids,"  D.  Fennell  Evans,  Joyce  B.  Evans,  Radha  Sen  and  Gregory  G.  Warr, 
Physics  of  Amphiphilic  Layers,  Proceedings  in  Physics,  Vol.  21,  J.  Meunier,  D.  Langevin 
and  N.  Boccara,  Eds.,  Springer  Verlag,  Berlin,  1987,  p.  224. 

The  effect  of  complexatlon  of  alkali  metal  ions  by  macrocyclic  ligands  in  dispersions 
of  anionic  surfactants  and  clay  colloids  has  been  studied  as  a  route  to  understanding 
counterion  specific  effects  in  these  classes  of  colloidal  dispersions.  The  rigidity  of 
the  lattice  of  charge  in  the  solid  leads  to  vastly  different  results  than  are  observed 
in  micellar  solutions,  where  the  aggregates  rearrange  to  minimize  their  free  energy. 


"Structural  Changes  in  Sodium  Dodecyl  Sulfate  Micelles  Induced  by  Using  Counterion 
Complexatlon  by  Macrocyclic  Ligands,"  D.  F.  Evans,  R.  Sen  and  G.  G.  Warr,  J.  Phys. 

Chem.  90.  5500  (1986). 

The  micellization  of  SDS  in  the  presence  of  cryptand  C222  and  18-crown-6  was  inves¬ 
tigated  to  determine  what  counterion-specific  effects  control  the  aggregation  of  anionic 
surfactants.  Complexatlon  of  the  sodium  alters  the  cmc,  aggregation  number,  and  ioniza¬ 
tion  of  the  micelles  considerable.  The  results  are  discussed  in  terms  of  changes  in  the 
double  layer  surrounding  the  micelle  which  induce  reorganization  of  the  micelle. 


"Vesicle  and  Micelle  Formation  in  a  Double-Chained  Anionic  Surfactant:  Counterion 
Complexation  by  a  Macrocyclic  Ligand,”  D.  D.  Miller,  D.  F.  Evans,  G.  G.  Warr  and  J.  R. 
Bellare  and  B.  W.  Ninham,  J.  Colloid  &  Interf.  Scl.  116,  598  (1987). 

Addition  of  the  macrocyclic  sodium  complexing  agent  cryptand  [2.2.2]  to  aqueous 
solutions  of  sodium  8-phenyl-n-hexadecyl-p-sulfonate  (Texas  No.  1)  causes  a  dramatic 
decrease  in  aggregate  size,  with  the  formation  of  unilamellar  vesicles  and  micelles  at 
cryptand  to  surfactant  mole  ratios  exeeding  0.6.  The  results  can  be  explained  in  terms 
of  increased  head  group  repulsion  due  to  removal  of  the  Na+  counterion  from  the  aggre¬ 
gate  surface. 


"Counterion  Specificity  as  the  Determinant  of  Surfactant  Aggregation,  J.  E.  Brady,  D. 

F.  Evans,  G.  G.  Warr,  F.  Grieser  and  B.  W.  Ninham,  J.  Phys.  Chem.  90,  1853  (1986). 

Aggregation  numbers  and  critical  micelle  concentrations  are  reported  for  dodecyltri- 
methylammonlum  salts  with  hydroxide  and  a  range  of  carboxylates  as  counterion,  with  and 
without  added  salt.  The  micelles  are  unusual  in  that  ernes  are  higher  and  the  aggrega¬ 
tion  numbers  and  ion  binding  parameters  much  lower  than  those  for  the  corresponding  bro¬ 
mides.  Aggregation  numbers  change  slowly  (29  to  49)  with  added  salt  up  to  1  M.  The 
micellar  properties  parallel  those  of  corresponding  double-chained  dime thy lammonium 
salts  which  exhibit  normal  behavior  (insoluble,  lamellar  phase)  for  bromides  and  anoma¬ 
lous  behavior  (highly  soluble,  spontaneous  vesciles)  for  carboxylates  and  hydroxide. 

With  increasing  surfactant  concentration  the  vesicles  revert  to  micelles.  An  explana¬ 
tion  of  these  phenomena  is  given. 
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Microemulsions 

"Dynamic  Behavior  in  Hexadecyloctyldimethylammonium  Broraide/Alkane/Water  Microemulsions,' 
Frank  D.  Blum,  D.  Fennell  Evans,  byaporn  Nanagar a  and  Gregory  G.  Warr,  Langmuir,  sub¬ 
mitted. 

Self-diffusion  coefficients  of  oil  and  water  (by  pulsed-gradient  FT-nmr),  and 
steady-state  fluorescence  anisotropy  results  for  two  solublized  probe  molecules  are 
reported  in  microemulsions  of  hexadecyloctyldimethylammonium  bromide  (C„C^^DAB),  alkanes 
and  water.  The  results  show  a  highly  oil-specific  effect  in  microemulsion  structure  and 
in  the  curvature  of  the  surfactant  film,  leading  to  the  formation  of  o/w,  bicontinuous, 
and  w/o  domains  depending  upon  composition  and  on  the  nature  of  the  alkane. 


"Microemulsion  Formation  and  Phase  Behavior  of  Dialkyldimethylammonium  Bromide 
Surfactants,"  Gregory  G.  Warr,  Radha  Sen,  D.  Fennell  Evans  and  John  E.  Trend,  J.  Phys. 
Chem.  92,  774  (1988). 

The  binary  and  ternary  phase  behavior  of  a  series  of  di-n-alkyldimethylammonium  bro¬ 
mide  surfactants  has  been  investigated.  The  formation  of  clear,  Isotropic  microemulsion 
phases  in  ternary  mixtures  with  oil  and  water  has  been  mapped  on  composition  diagrams 
and  this  has  been  correlated  with  their  binary  phase  behavior  in  water  and  with  conduc¬ 
tivity  measurements  of  the  water  connectivity  in  the  system. 


"Curvature  and  Geometric  Constraints  as  Determinants  of  Microemulsion  Structure: 

Evidence  from  Fluorescence  Anisotropy  Measurements,"  Vicki  Chen,  Gregory  G.  Warr, 

D.  Fennell  Evans  and  Frank  G.  Prendergast,  J.  Phys.  Chem.  92,  768  (1988). 

Steady-state  anisotropy  measurements  using  an  amphiphilic  fluorescence  probe, 
(trimethylamino)diphenylhexatriene  (TMA-DPH)  and  an  oil-soluble  probe,  diphenylhexa- 
triene  (DPH),  are  reported  for  three-component  microemulsions,  employing  didodecyldi- 
methy lammonium  bromide  (DDAB)  as  the  surfactant,  simple  alkanes,  and  water.  The 
anisotropies  of  TMA-DPH  are  almost  constant  when  oil  is  added  to  the  microemulsions  but 
decrease  upon  addition  of  water.  The  results  are  interpreted  in  terms  of  a  structural 
model  based  on  geometric  packing  constraints  of  surfactant-coated  cylinders  and  spheres. 
The  anisotropy  shows  local  changes  at  the  surfactant-water-oil  interface  which  in  turn 
can  be  related  to  global  structure. 


"Interfacial  Tension  of  Ionic  Microemulsions,"  Martin  Allen,  D.  F.  Evans,  D.  J.  Mitchell 
and  B.  W.  Nlnham,  J.  Phys.  Chem.  91,  2320  (1987). 

Intefacial  tension  measurements  are  reported  on  the  system  didodecyldimethy lammonium 
bromide/water/alkane  against  alkane  for  a  range  of  alkanes  and  surfactant  water  ratios. 
The  data  span  values  from  low  (0.15  dyne/cm)  to  very  low  (5  x  10” ^  dyne/cm).  Physical 
properties  of  these  microemulsions  enable  microstructure  to  be  sufficiently  well  estab¬ 
lished  to  correlate  interfacial  tension  with  structure.  Long  range  and  extremely  strong 
van  der  Waals  forces  peculiar  to  cylindrical  geometries  have  long  been  known  to  exist 
theoretically.  These  forces  operative  for  high  dielectric  and/or  conducting  rods 
(water)  interacting  across  a  low  dielectric  constant  medium  (oil)  appear  necessary  to 
account  for  the  observations. 


20 


"Counterion  and  Co-Ion  Specificity  in  Ionic  Microemulsions, "  V.  Chen,  D.  F.  Evans  and 
B.  W.  Ninham,  J.  Phya.  Chem.  91,  1823  (1987). 

Partial  phase  diagrams  and  conductances  are  reported  for  three-component  microemul¬ 
sions  employing  didodecyldimethylammonium  chloride,  bromide,  iodide  or  halide  mixtures 
as  the  surfactant.  The  physical  properties  and  structures  of  these  inverted  microemul¬ 
sions  exhibit  a  very  large  dependence  upon  counterion  and  added  salt.  These  effects 
illustrate  how  microemulsion  structure  can  be  controlled  from  the  aqueous  side  of  the 
oil-water  interface. 


"Oil,  Water,  and  Surfactant:  Properties  and  Conjectured  Structure  of  Simple  Microemul¬ 
sions,"  D.  F.  Evans,  D.  J.  Mitchell  and  B.  W.  Ninham,  J.  Phys.  Chem.  90,  2817  (1986). 

Phase  diagrams  and  physical  properties  of  three-component  ionic  microemulsions  are 
reviewed.  It  is  argued  that  microstructure  is  set  by  curvature  arising  from  a  balance 
between  repulsive  head  group  forces  and  opposing  forces  due  to  oil  uptake  in  surfactant 
hydrocarbon  tails,  together  with  an  overriding  constraint  set  by  geometric  packing.  The 
picture  which  emerges  is  consistent  with  theories  of  surfactant-water  aggregation  and 
can  be  generalized  to  include  multicomponent  systems. 


"Curvature  as  a  Determinant  of  Microstructure  and  Microemulsions,"  S.  J.  Chen,  D.  F. 
Evans,  B.  W.  Ninham,  D.  J.  Mitchell,  F.  D.  Blum  and  S.  Pickup,  J.  Phys.  Chem.  90,  842 
(1986). 

Curvature,  set  by  a  balance  between  repulsive  head  group  forces  opposed  by  hydrocar¬ 
bon  chain  repulsion  augmented  by  oil  uptake  in  surfactant  tails,  is  shown  to  be  a  major 
determinant  of  microemulsion  structure.  The  case  is  argues  through  a  comparison  between 
physical  properties  of  three-component  systems  and  those  systems  in  which  these  proper¬ 
ties  are  altered  by  mixed  oils,  mixed  surfactants,  cosurfactants,  temperature,  and  oils 
which  exhibit  an  extreme  affinity  for  surfactant  monolayers.  The  emerging  picture  is 
consistent  with  theories  of  self-assembly  for  surfactants  in  water,  provided  constraints 
imposed  by  geometry  are  recognized. 


Reviews 


"A  Reappraisal  of  the  Role  of  Water  in  Promoting  Amphiphilic  Assembly  and  Structure," 

D.  F.  Evans  and  D.  D.  Miller,  Water  Science  Reviews,  Vol.  4,  F.  Franks,  Ed.,  University 
Press,  Cambridge  (submitted). 


"Applications  of  Video  and  Computer  Enhanced  Microscopy 
Science,”  D.  D.  Miller,  W.  J.  Benton,  D.  F.  Evans  and  S. 
(submitted).  Invited  review  article. 


to  Colloid  and  Interface 
C.  Machuga,  AIChE  J. 


"Self-Organization  of  Amphiphlles, "  D.  Fennell  Evans,  Langmuir  4,  3  (1988). 

The  self-assembly  of  amphiphlles  to  form  micelles,  vesicles,  btlayers,  and  (with 
added  oil)  microemulsions  is  important  in  biological  transformations  and  in  many  indus¬ 
trial  processes.  The  hydrocarbon-solvent  interactions  that  drive  amphiphilic  self¬ 
organization  in  water  and  ocher  polar  hydrogen  bonding  solvents  are  discussed.  The 
interactions  between  aggregates  chat  determine  structure  and  reactivity  are  described 
with  an  emphasis  on  recent  surface  forces  measurements.  Amphiphilic  structures  deter¬ 
mined  by  video  enhanced  microscooy  (VEM)  and  cryo-transmission  electron  microscopy 
(cryo-TEM)  are  discussed. 


"Vesicles  and  Molecular  Forces,"  D.  F.  Evans  and  B.  W.  Ninham,  Disc.  Faraday  Society 
8_1_,  l  (1986).  ~  '*■ 

Some  curious  properties  of  double-chained  surfactants  which  form  spontaneous  ther- 
modynammically  stable  unilamellar  vesicles  in  water  are  reviewed  and  analyzed  in  terms 
of  current  ideas  on  self-assembly  and  recent  direct  force  measurements.  The  reasons  for 
the  apparent  success  of  older  theories  are  discussed.  The  conclusion,  is  that  the  older 
description  in  terms  of  primitive  model  double  layer  theory,  van  der  Uaals,  and  addi¬ 
tional  hydration  forces  has  to  be  abandoned  for  a  rigorous  theory  of  self-assembly. 

That  conclusion  does  not  abrogate  the  usefulness  of  the  present  theoretical  framework  in 
providing  a  predictive  rationale  in  biological  problems.  Thi3  is  illustrated  by  the  use 
of  cationic  surfactants  as  immunosuppressants,  bacteriocides,  and  other  applications. 

"Molecular  Forces  in  the  Self-Organization  of  Amphiphlles,”  D.  Fennell  Evans  and  B.  W. 
Ninham,  J.  Phys.  Chem.  90,  226  (1986). 

Some  good  progress  has  been  made  in  quantifying  the  mechanisms  that  drive  the  forma¬ 
tion  and  set  the  structure  of  multimolecular  aggregates  like  micelles,  vesicles,  bilayers, 
and  microemulsions.  Parallel  advances  have  been  made  in  understanding  the  nature  of 
molecular  forces  between  surfaces  at  distances  below  100A.  The  interplay  between  these 
two  areas  provides  new  insights  into  the  way  that  the  physical  chemistry  of  lipid  self- 
assembly  affects  some  biological  processes. 
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